Context. Ungulates have been widely introduced in multiple ecosystems throughout the world due to their value as food and for sport hunting. The identification of foraging preferences of exotic and native ungulates living in sympatry is, therefore, becoming increasingly important in order to assess potential impacts of introduced animals on the host ecosystem.
Horizontal effects of exotic animals on the extant herbivore guild can be measured by examining trophic interactions between herbivores (Bertolino et al. 2009 ). Much ecological research has been devoted to this topic (see Prins and Fritz 2008) , with overlap in resource selection as the general outcome from the cooccurrence of exotic and native species (Latham 1999; Mysterud 2000; Dolman and Wäber 2008) . However, there is also evidence for beneficial interactions between animals of different origins, in which effects on resources by one species may even increase their supply and quality for another (Gordon 1988) .
Quantifying such interspecific trophic interactions relies on the knowledge of seasonal diet selection by each of the interacting herbivore species, and it is broadly accepted that forage selection by wild herbivores may be partly determined by plant-related components (Hanley 1982; Cooper et al. 1988; Ben-Shahar and Coe 1992; Baumont et al. 2000) . Moreover, it has been shown that ungulates may select for a minimum nutrient value in preferred plants (Belovsky 1981) and that the preference for a plant species cannot be associated to any single chemical factor but rather to a trade off between nutrients (proteins, soluble sugars, digestible fibres) and non-nutritive compounds (lignin and condensed tannins) (Cooper et al. 1988; González-Hernández et al. 2000; Verheyden-Tixier et al. 2008) . Linking resource selection with its nutritional content would therefore enable a better assessment of horizontal effects of large herbivore introductions in an existing herbivore guild. Despite its ecological importance, the nutritional basis of diet selection in ungulates has been poorly documented.
Previous studies have identified three traits that seem to determine differences in diet selection between sympatric herbivores: (1) taxonomic identity (Gagnon and Chew 2000; Bascompte and Jordano 2007) ; (2) feeding type (see Hofmann 1989) ; and (3) body size and related nutritional requirements (Bell 1971; Jarman 1974; Demment and Van Soest 1985; Kingery et al. 1996) . Taxonomic identity has been suggested to be a secondary factor since feeding behaviour may not be unique for each animal taxon but for a group of ecologically equivalent herbivore species (Zamora 2000) . Regarding feeding types, herbivores are generally classified along a continuum according to browse and grass contents in their diets (see e.g. Hofmann 1989 and Gagnon and Chew 2000) : concentrate selectors, intermediate feeders and grass/roughage eaters. Body size as a possible predictor of dietary preferences rests on the widely accepted Jarman-Bell principle (Bell 1971; Jarman 1974; Demment and Van Soest 1985) , which predicts that small ungulates require more relative energy per unit weight and have reduced gut efficiency. They therefore need to be highly selective for food items of a high quality compared with larger species.
Two bovids, the aoudad (Ammotragus lervia Pallas) and the European mouflon (Ovis orientalis musimon Schreber), have been widely introduced in Spain both in natural reserves and private rangelands due to their popularity as game Rodríguez-Luengo et al. 2002 , 2007 . Emerging interspecific interactions with native species that perform a similar role within the host ecosystem are expected (Fandos and Reig 1992; Cassinello et al. 2006; Acevedo et al. 2007) . The native Iberian red deer (Cervus elaphus hispanicus Hilzheimer, a cervid) is the main big game species in Spain, with a wide distribution in the Iberian Peninsula and achieving high densities (over 0.4 individuals per ha) in private estates (Gortázar et al. 2000; Carranza 2002 Carranza , 2007 Acevedo et al. 2008) . We studied the native Iberian red deer in sympatry with the exotic aoudad and European mouflon in order to disentangle the emerging competition/partition in their use of the feeding resources in a Mediterranean climate. More specifically, the study aims to understand the simultaneous effect of the botanical and the nutritional component on trophic interactions between co-occurring native and introduced herbivores. We hypothesised that: (1) the nutritional component will provide a significant explanation regarding species-specific foraging patterns of the study herbivores, with a higher nutritive value in diets selected by the smaller ungulate species; and (2) horizontal interactions within the herbivore guild might emerge from aoudad and mouflon introduction. We predicted a higher potential for trophic overlap between the exotic aoudad and mouflon because of their proximity in body sizes, feeding types and taxonomic identity.
Materials and methods

Study area
The study was conducted during 2006 and 2007 in a 724 ha fenced hunting estate located in the province of Ciudad Real in Castile-La Mancha, South Central Spain (38 55 0 N 0 36 0 E), Topography consists of rolling hills with elevation from 650 to 820 m above sea level. The region has a Mediterranean continental climate, which is characterised by summer drought (mean yearly rainfall 356 mm, mean rainfall in August 7 mm), mildly cold winters (mean temperature in January: 5.7 C) and high summer temperatures (mean temperature in July: 25.4 C) (Agencia Estatal de Meteorología, Madrid, http://www.aemet.es/ es/elclima/datosclimatologicos/valoresclimatologicos).
The study area comprised pastures with scattered holm oaks (Quercus ilex L.) and Mediterranean perennial shrubs. The dominant shrub species were Cistus ladanifer L., Phillyrea angustifolia L., Rosmarinus officinalis L., Quercus ilex L., various species of Erica genus and Genista hirsuta Vahl. Browsing was intense, leading the community to a late stage of plant succession. Grasses dominated the herbaceous layer, with a smaller proportion of forbs (Compositae, Leguminosae, Cistaceae, Brassicaceae). In part of the study area (64 ha in 2006 and 52 ha in 2007), the estate staff planted oat as food for ungulates as well as offering them a daily supplementary concentrate composed of cereals and legumes (1 : 1). Because the concentrate contained different species depending on the season, its nutritional composition varied across the year (October-March: 9.7 hemicellulose (HC), 7.0 cellulose (C), 3.25 total N; March to October: 11.7 HC, 13.7 C, 3.0 total N, all values expressed as g per 100 g dry matter).
Three large herbivore species occupied the study area. Iberian red deer are native to the study area whereas European mouflon and aoudad were both introduced as game in 1988. Red deer was also the most abundant species in the study area with~400 individuals (0.55individuals per ha), followed by the European mouflon (%60 individuals; 0.08 individuals per ha) and the aoudad (%20 individuals; 0.03 individuals per ha). The aoudad is originally from the mountainous and desert areas in the North of Africa and has been successfully introduced in the USA and Spain (Cassinello 1998) . The European mouflon is native to Corsica and Sardinia and has been repeatedly introduced in most of Europe since the second half of the nineteenth century (Cugnasse 2001; Markov and Penev 2001; Rodríguez-Luengo et al. 2002) . Red deer was the heaviest herbivore within the estate (males: 80-160 kg, females: 50-100 kg; Carranza 2004), followed by aoudad (males: 50-132 kg, females: 12-68 kg; Cassinello 2002) and mouflon (males 40-60 kg, females 30-40 kg; Bang and Dahlstrom 1974) .
Plant availability
We seasonally recorded plant availability along 50-m transects at 20 locations. We defined four seasons according to plant phenology: spring (April, May and June); summer (July, August and September); autumn (October, November, December); and winter (January, February and March). We distributed transects following a stratified random design, thus placing them according to the availability of three vegetation types: pastures, scrubland and habitat edges. We determined herb availability up to the family level and scrub cover to the species level. We registered vegetation cover in 100 points along transects. We regarded shrubs as available if they had green foliage within an animal's reach ( 2 m high).
Botanical content of diet
We estimated resource use by means of microhistological analysis of the cuticle of plant remains in collected faecal samples (Stewart 1967; Putman 1984; Henley et al. 2001) . In total, we collected 149 fresh faecal samples from the three ungulate species under study during 2006 and 2007 (38 aoudad, 80 deer and 31 mouflon samples), including individuals from different sexes and ages. We obtained the faecal samples across all seasons either from hunted animals or we collected them fresh in the field when an animal was seen defecating. We stored collected samples at À20 C until we processed and analysed them in the laboratory. From each sample, we placed 10 g in a test tube with 5 mL of 65% concentrated NO 3 H. We then boiled the test tubes in a water bath for 1 min. After digestion we added 200 mL of water per sample. We then passed this suspension through 0.5-mm and 0.125-mm sieves. We spread the 0.125 to 0.5 mm fraction on glass microscope slides in a 50% aqueous glycerine solution. We prepared two slides from each sample. We examined a total of 20 fields (2 mm 2 ) randomly distributed on each slide under a microscope at 100Â to 400Â magnification. We recorded and counted plant fragments in each field of view with a minimum of 100 fragments of identified plant material per slide. We compared epidermal fragments in faeces with a previously prepared reference collection (Cristóbal 2006 ). We could not assess consumption of supplementary food through microhistological analysis of faeces since we could not observe epidermal remains in the faecal samples.
Nutritional content of diet
To measure the nutritional content of herbivore diets, we harvested leaves and stems of the most ubiquitous and dietrelevant shrub species occurring within the site (Cistus spp., Quercus spp. Cytisus spp., Phillyrea angustifolia, Rosmarinus officinalis, Genista hirsuta, Erica spp.), as well as a bulk sample of the herbaceous layer. We carried out the sampling during the four seasons at random localities within the study area.
We oven-dried the plant samples at 60 C until constant weight, stabilised them at ambient temperature for 48 h and ground them to 1 mm before analysed (AOAC 2005) . We carried out all analyses on duplicate samples and we reported results as g per 100 g dry matter (DM). We determined DM content by drying to constant weight in a fan-forced oven at 103 C. We calculated organic matter (OM) content from ash content, which we determined by burning in a muffle furnace for 3 h at 550 C. We performed neutral detergent fibre (NDF), acid detergent fibre (ADF) and acid detergent lignin (ADL) analyses following the sequential procedure of van Soest et al. (1991) using an Ankom 220 Fibre Analyser (http://www.ankom.com, verified April 2011). We determined total N by the Kjeldahl procedure (AOAC 2005) . We determined N bound to ADF by Kjeldahl analysis of ADF residues. We then obtained available N from the difference between total N and N bound to ADF. We determined separately free, protein-bound and fibre-bound condensed tannins using the procedure of Pérez Maldonado and Norton (1996) . We calculated total condensed tannins as the sum of the three fractions.
Selection of the botanical and nutritional components
We distinguished three coarse forage categories depending on their growth form: grasses (graminoids); forbs (dicotyledonous herbs); and shrubs (woody plants) (Iason and van Wieren 1999; Duncan and Poppi 2008; van Wieren and van Langevelde 2008) . General traits of these categories include a higher cellulose and hemicellulose content for grasses, and a higher concentration of cell contents, plant secondary compounds and N in forbs and woody browses, the latter also containing greater proportions of lignin (Owen-Smith 1997; Clauss et al. 2008; van Wieren and van Langevelde 2008) . We evaluated herbivore diet selection both at the forage-category level and at the plant species or family level.
We quantified foraging preferences using the Savage Selectivity Index for each season in order to adjust the seasonal use of each plant species with respect to its relative availability (Savage 1931; Manly et al. 2002) . This index determines selectivity of a given resource (w i ) by dividing its use (U i ) by its availability (p i ). The Savage index varies from zero (maximum refusal) to infinite (maximum selection), where 1 is the value defining the selection expected by chance. We assessed selectivity for the different nutritional contents according to Verheyden-Tixier et al. (2008) . We first determined the content of nutrient C in diets (C d ) using Eqn 1:
where D i is the proportion of plant i in faeces and C i is the concentration of nutrient C in plant i. Once we had determined the nutrient content in the diet, we assessed nutrient availability in the study area; we calculated the content of nutrient C in the available vegetation (C a ) using Eqn 2:
where A i is the proportion of plant i in the field transects. We could subsequently calculate the Savage index to determine selection for each nutrient. We used the values resulting from Savage Index calculations for forage categories and nutritional contents as described in this section for all analyses and hereafter we will refer to them as selection for the botanical and nutritional components, respectively.
Statistical analyses
We used linear discriminant functions to test if either diet selection or nutritional selection discriminated the three herbivore species. We assessed the relative importance of each independent variable on discriminant functions using the structure coefficients (Garson 2008) . We subsequently used one-way ANOVAs with the discriminant function scores to test the hypothesis of equal diet or nutrient selection, and used the Tukey honestly significant difference (HSD) test for pairwise comparisons. We performed those ANOVAs only on discriminant function 1, which accounts for a higher percentage of variance explained and larger statistical significance in classifying cases into species, compared with discriminant function 2.
Indicator Species Analysis, originally developed as a method to find indicator species for a given habitat (Dufrene and Legendre 1997) , has been widely used in biology. We applied it here to assess the relative affinities for different plant taxa by a particular ungulate species. It takes into account both plant relative abundance and its relative frequency of occurrence in the different diets. The indicator value obtained ranges from 0, when the plant appears in all species diets, to 100, when the plant is just present in a single herbivore diet. We ran the analysis within the R environment using the indval function from the indicspecies package (de Cáceres and Legendre 2009) with 10 000 iterations. We only included in the analyses plant species present in at least 20% of the individual diets.
We applied, when necessary, Box-Cox transformations (Box and Cox 1964) to data in order to meet the assumption of normality and homocedasticity. We carried out all hypothesis testing using non-sequential type III sums of squares, which is appropriate for unbalanced data (Langsrud 2003) . We performed analyses using procedures in JMP 6.0.3 (SAS Institute SAS Campus Drive, Cary, NC), SPSS 17.0 (SPSS, Chicago, IL) and R version 2.12.2 (R Development Core Team 2011).
Results
Selection for the botanical component
Forage-category level
Herbivore selection for the botanical components was studied at the forage-category level across the different seasons (Table 1, Fig. 1 ).
Linear discriminant analyses (Table 2 , Fig. 2 ) indicated that the cervid differentiated from the bovids primarily according to the vegetation layer selected. Red deer feeding habits were consistent for all seasons, with a diet selection associated with the shrub layer. However, selection shifts at the forage-category level occurred for both bovids thorughout the year (Fig. 2) . The three herbivores could be discriminated on a plant-selection axis during spring (F 2,29 = 27.38, P < 0.0001, R 2 = 0.65) and winter (F 2,36 = 39.88, P < 0.0001, R 2 = 0.69). In spring, aoudad showed the greatest selection for the herbaceous layer while deer selected for shrubs, and mouflon was intermediate in its foraging preferences. During winter, the analysis yielded the greatest degree of separation between mouflon, which selected for the herbaceous layer, and red deer, which selected for shrubs, placing the aoudad in a halfway position within the axis. In summer, the analysis yielded a dissimilarity between deer preferences for the shrub layer and aoudad preferences for herbs (F 2,30 = 7.66, P = 0.0021, R 2 = 0.34), while mouflon overlapped with both red deer and aoudad foraging preferences. In autumn, deer preferentially fed on shrubs, and the foraging response of the two bovids overlapped on the opposite end of the axis selecting herbaceous forage categories (F 2,42 = 17.66, P < 0.0001, R 2 = 0.47).
Correctly classified cases by the discriminant functions ranged between 72.7 and 87.5% in the analysis of the different seasons.
Plant species or family level
The Indicator Species Analysis highlighted mainly forb taxa and a few shrubs as indicators of aoudad diet throughout the year (Table 3) . Red deer diet, conversely, was primarily associated with shrub species: Pistacia spp. in spring and Cistus spp., Hallimium ocymoides, Quercus spp., Rosa sp.and Rubus ulmifolius in both autumn and winter. Mouflon autumn and winter diets were associated with herbaceous Leguminosae. The winter diet of mouflon was also characterised by other forbs such as Polygonaceae and Umbelliferae and a single shrub, Asparagus acutifolius. Also a shrub genus, Cytisus spp., correlates with the spring diet of mouflon.
Selection for the nutritional component
Seasonal average nutritional selection was determined for each herbivore species diet (Table 4) . Nutrient selection varied across seasons and herbivore species (Table 5 , Fig. 3 ). According to the first discriminant function, herbivores were positioned along a nutrient selection axis characterised, during most of the year, by available N, HC and C on one extreme, and tannins, total N and lignin on the opposite end (Fig. 3) . Red deer was always closer to the end of the axis associated with a higher tannin and lignin selection. Bovids often appeared closer to the end characterised by available N, C and HC selection. However, discriminant functions revealed a shifting position of mouflon and aoudad on the nutrient-selection axis throughout the year (Fig. 3) .
During spring, the discriminant function segregated the three animal species on a nutrient axis, placing red deer in the extreme defined by tannins, total N and lignin and aoudad in the opposite end associated with HC, C and available N (F 2,29 = 23.07, P < 0.0001, R 2 = 0.61). Mouflon occupied a halfway position on the nutritional axis. During summer, the nutrient selection of the two bovid species overlapped with HC and C as the most selected nutritional components, while deer preferentially fed on resources containing higher concentrations of N, tannins and lignins (F 2,30 = 27.44, P < 0.0001, R 2 = 0.65). The first discriminant function scores for autumn revealed a greater degree of similarity of the nutritional components in the diet selected by mouflon and aoudad than those selected by red deer (F 2,42 = 34.32, P = <0.0001, R 2 = 0.63). Aoudad and mouflon showed a preference for higher HC, C and available N contents while red deer selected items richer in total N and tannins. During winter, all three species were significantly discriminated with regards to nutrient selection (F 2,36 = 57.83, P < 0.0001, R 2 = 0.76). Red deer selected for higher tannin, lignin and C levels in their diet while mouflon favoured total N, available N and HC. Aoudad appeared intermediate in their feeding response. Correctly classified cases by discriminant functions ranged between 81.3 and 93.9% in the analysis of the different seasons.
Discussion
The exotic bovids showed similar foraging strategies that were largely determined by seasonality and differed from those displayed by the native red deer. However, none of the herbivore species-specific traits or the plant-related components were unique predictors of the preferences of the three co-occurring ungulate species. Instead, a range of botanical, nutritional and herbivore-related factors must be taken into account in order to understand species-specific foraging strategies, and the subsequent interspecific trophic interactions.
Here, the taxonomic identity and the nutritional content of selected plants have been simultaneously analysed to allow a better assessment of foraging decisions by the study herbivores.
Species-specific foraging strategies
For deer, sustained preferences for shrubs throughout the year have been widely reported across Europe (Gebert and VerheydenTixier 2001) . Regarding the bovid's shifting selection across seasons, Heroldová et al. (2007) described the mouflon as an De Finetti diagram of seasonal selection by the study animals on the different forage categories. Selectivity indexes on grass, forbs and shrubs have been scaled so that their sum equals 1. Seasonal selection is reported for the three study animals: red deer (circles), aoudad (squares), European mouflon (diamonds), and for four seasons: spring (white filling), summer (black filling), autumn (half lined), winter (grey filling). opportunistic feeder, capable of using diverse habitats. Similar physiological and behavioural plasticity has been reported for the aoudad, which should enable diet shifts consistent with available resources, as well as a wide feeding niche (Krysl et al. 1980; Piñero and Luengo 1992) . Annual feeding types apparently responded to a pattern in which red deer showed the highest preference for shrubs, aoudad showed the highest preference for grasses and forbs, while mouflon showed an intermediate feeding behaviour. Traditional classifications in feeding types, however, regard mouflon as a grass eater and red deer as an intermediate feeder (Hofmann 1989 ). Our results suggest that an approach to the classification of ungulate feeding types cannot be merely focussed on chemical (Hofmann 1989) or physical characteristics of forage (Clauss et al. 2003) . This is because feeding preference seems to be a plastic trait, and thus these classifications should be flexible and take into account temporal and spatial heterogeneity in forage availability. Also, introduced populations may adapt to new conditions and select optimal resources within the available plant array.
Regarding the nutritional component, the consistency of deer preference for lower quality forage throughout the year could be related to a lower selection ability of this animal compared with that of aoudad and mouflon. This agrees with the increased absolute energy requirement and tolerance of low-quality food, associated with a larger body size (Jarman-Bell principle, e.g. Demment and van Soest 1985) .
Conversely, our results may imply better developed systems in deer to overcome the typically high tannin content of evergreen sclerophyllous shrubs growing in the Mediterranean Basin (Barroso et al. 2001; Rogosic et al. 2006) . Consumption of plants with a high content of chemical defences such as Pistacia spp., Rosa sp. and Rubus ulmifolius by red deer has been previously documented in Spain, France and Portugal (Maillard et al. 1995; Garin et al. 2001; Bugalho and Milne 2003; Verheyden-Tixier et al. 2008) . Tannins are known to bind and precipitate plant proteins and carbohydrates, resulting in a decreased digestibility (Robbins et al. 1987; Scalbert 1991) . It has been suggested that, in order to neutralise plant secondary compounds, browsers segregate proline-rich salivary proteins that bind to tannins and negate their detrimental effects (Robbins et al. 1987; Austin et al. 1989; Hofmann 1989; Clauss et al. 2008; van Wieren and van Langevelde 2008) . The association of Iberian red deer with chemically defended plants (Glasser et al. 2008) seems to be related to the high total N concentration and, very likely, to high soluble sugar content of the plants (Cooper et al. 1988; Verheyeden-Tixier et al. 2008 ) and the ability of the deer to overcome the plant chemical defences. Fig. 2 . Relative position of the study species along a space determined by the two discriminant functions calculated for selection on forage categories. Discriminant scores are plotted for each season. Multivariate means for each species are shown surrounded by ellipses that correspond to a 95% confidence limit for the mean. The direction of the variables in the canonical space is shown by arrows emanating from the grand mean, according to the structure coefficients. HC = hemicellulose, C = cellulose.
Bovids favoured available N intake instead, probably due to a lack of ability to cope with tannins (Austin et al. 1989) .
Interspecific trophic interactions between the study species
The divergent exploitation patterns between native and exotic species during most of the year correlates with the Jarman-Bell principle (Demment and van Soest 1985) , as indicated above, since smaller bovids showed a selective dietary strategy, which related to overall higher nutritive resources than those selected by larger deer. So, coexistence of ecologically similar species was achieved by means of differing foraging strategies that allowed exotic and native species to occupy non-overlapping trophic niches during most of the year, excluding the summer.
In a guild of naturally co-occurring species, resource partitioning could be expected, since they have co-evolved in sympatry and developed compatible trophic strategies and adaptations to available forage permitting the sharing of common resources (e.g. Jarman and Sinclair 1979) . This would explain why species coexist in spite of their similar ecological requirements and roles (May 1973; Schroener 1986 ). Niche competition is instead likely as a result of anthropogenic introductions of species ecologically similar to those present in the native guild (e.g. Schwartz and Ellis 1981; Putman 1996; Voeten and Prins 1999; Mysterud 2000) . In the present study, all three species belong to different native ranges so, under this prediction, niche overlap would be likely due to the lack of both previous co-evolution and resource partitioning processes between them. Indeed, the overlap in dietary selection observed for aoudad and mouflon throughout the year and between deer and mouflon during summer, could be explained by this hypothesis but further studies specifically designed to test it are needed.
The observed overlap in selection at the forage-category level between deer and mouflon during summer could lead to a potential competition interaction during this period of food shortage. However, overlap in diet selection does not constitute in itself evidence of competition unless it concurs with overlap in habitat use (Putman 1996) . A previous study of these populations in our study area suggested, indeed, an overlap between deer and mouflon for the use of cultivated lands and of the scrubland that is close to waterholes (Sicilia 2011) . In our study case, however, a competitive interaction between deer and mouflon is not expected since they only overlapped in forage-category selection but mouflon seemed to be searching for shrub species that differ in nutritional composition from those selected by deer (see Fig. 3 ). Further studies on changes in deer and mouflon population sizes in the absence of hunting activities and under more even densities could help clarify the existence of potential competition between them. Regarding the exotic species and according to our predictions, aoudad and mouflon exhibited analogous foraging strategies across the year, and they even overlapped in their foraging preferences during summer and autumn. This outcome could result in interspecific competition for resources, especially under summer limiting conditions, which is supported by an overlap in pasture use across the year between these two species, as reported by Sicilia (2011) .
Although dietary supplementation adds artificiality to the management of hunting estates, in this case it allows a better understanding of the selection for different plant species by herbivores, since it is important for animals to receive a basal diet in order to test preferences under conditions in which nutritional or energetic requirements are satisfied (McArthur et al. 2000) . Access to feeding areas is not restricted to any species and, furthermore, the two bovid species and red deer have been observed to use this artificial source of food, being equally selected by the three study species during periods of food scarcity (Sicilia 2011) .
In summary, exploitation patterns within this herbivore guild seem to be a product of body size, taxonomic identity and feeding types, being largely affected by seasonal nutritional changes in vegetation. Tannins and lignin were determinant factors in diet selection by herbivores in a Mediterranean climate, since high total N associated with a high lignin and tannin content, which are considered as digestive retardants (Robbins et al. 1987; van Soest 1994) . As predicted, diet quality of smaller mouflon and aoudad was greater (higher content in available N and highly digestible fibres and lower in tannins and lignin) than that of deer. Also, as we hypothesised due to their similarity in body sizes, taxonomic identity and feeding types, a close trophic similarity occurred between aoudad and mouflon across the year. Overlap in resource use between the native red deer and the exotics only occurred during the resource-limited season (Mediterranean summer) between deer and mouflon.
Management implications
We have here analysed and discussed horizontal effects of the introduction of exotic ungulates on native ungulate populations. In light of our results, we can suggest a few recommendations regarding the management of sympatric red deer, aoudad and mouflon.
As we have shown, simultaneous introduction of ungulates sharing functional traits such as feeding type and body sizes (aoudad and mouflon in the study case), may lead to potential competition due to the similarity in their foraging preferences. Also, native red deer preferences overlapped with those of exotic mouflon, in summer. All this could lead to the exclusion from preferred resource use of either native or introduced populations, especially under high stocking rates and during drought conditions in summer. An integration of habitat and ungulate management is, therefore, crucial according to the outcomes of our study.
Mediterranean rangelands oriented to big game exploitation are predominantly characterised by ungulate confinement within a fenced estate. Management actions in such rangelands should be directed towards protecting habitat conditions so that biodiversity is enhanced along with the presence of sustainable communities In addition, management directed towards ungulate populations should keep moderate stocking rates, monitor and control introduced and native populations through annual game counts, and maintain efficient fencing that avoids the expansion of Relative position of the study species along a space determined by the two discriminant functions calculated for selection on the nutritional components. Discriminant scores are plotted for each season. Multivariate means for each species are shown surrounded by ellipses that correspond to a 95% confidence limit for the mean. The direction of the variables in the canonical space is shown by arrows emanating from the grand mean, according to the structure coefficients. HC = hemicellulose, C = cellulose.
exotic populations over the limits of the managed rangelands (Cassinello et al. 2004 ).
